The migratory properties of THP1 monocytes infected by Coxiella burnetii were determined in a transmigration assay across a human microvascular endothelial cell monolayer. Transendothelial migration of monocytes infected by virulent, but not avirulent, C. burnetii was inhibited. This inhibition was observed in spite of conserved adherence properties of infected monocytes.
ulated with 100 ng of recombinant human TNF (Peprotech, Rocky Hill, N.J.) per ml for 24 h. THP1 cells (4 ϫ 10 4 per well), infected or not infected by C. burnetii, were added to the EC monolayer. The viability of transmigrated monocytes, i.e., the number recovered from medium beneath inserts, was assessed by the trypan blue exclusion test. Only viable cells were counted in a Malassez hemocytometer. Statistical analysis was performed using the Mann-Whitney U test or linear regression analysis.
Transmigration of THP1 monocytes was detectable as early as 4 h after their addition onto EC monolayers. After 12 h, 10.2% Ϯ 2.5% of control monocytes transmigrated across resting EC, whereas 4.4% Ϯ 1.2% of C. burnetii-infected monocytes transmigrated (56.9% Ϯ 2.3% inhibition; P Ͻ 0.02) (Fig.  1A) . After 24 h, 20.3% Ϯ 1.7% of control monocytes but only 7.2% Ϯ 0.7% of infected monocytes transmigrated (62.7% Ϯ 1.8% inhibition; P Ͻ 0.0001) (Fig. 1B) . This inhibition of transmigration was not the consequence of a decrease in the number of viable infected cells (data not shown and reference 6). In addition, the transmigration process slightly decreased (less than 20%) the viability of both infected and noninfected monocytes. Monocyte transmigration across TNF-activated EC was slightly increased compared to control EC (Fig. 1 ). This result is consistent with the weak enhancement of transendothelial migration of monocytes under inflammatory conditions (10) . The inhibition of transmigration of infected monocytes was independent of the inflammatory status of endothelial cells, i.e., EC stimulated with TNF ( Fig. 1) . Hence, 25.9% Ϯ 3.0% of control monocytes transmigrated after 24 h, whereas only 8.5% Ϯ 2.4% of infected monocytes transmigrated across TNF-stimulated EC (73.2% Ϯ 3.8% inhibition; P Ͻ 0.0001). Monocytes with different degrees of infection were also studied. THP1 cells were incubated with C. burnetii at a bacterium-to-cell ratio of 50:1, which led to the infection of about 35% of the cells. This resulted in a inhibition of transmigration of 37.8% Ϯ 4%. The inhibitory effect of infection on transmigration was correlated to the percentage of infected cells (r 2 ϭ 0.99). Also, the majority of transmigrated monocytes (75% Ϯ 5%) were noninfected by C. burnetii. Clearly, our results show that the inhibition of monocyte transmigration across EC was related to the infection of monocytes by C. burnetii.
To assess if the inhibition of monocyte transmigration is related to bacterial virulence, we used avirulent variants of C. burnetii. These variants are noninfectious and are only obtained after serial passages in cell culture or embryonated egg culture (6, 14) . Since avirulent organisms are more efficiently phagocytosed than virulent bacteria (4), we incubated monocytes with avirulent bacteria at a bacterium-to-cell ratio of 50:1 to obtain the same percentage of infected monocytes, i.e., 65% of infected cells. This led to a slight inhibition of transmigration (20.4% Ϯ 7.2%), whereas infection by virulent organisms led to a marked inhibition of 63.1% Ϯ 2.1% (P Ͻ 0.0001). These results clearly show that the inhibition of transmigration of infected monocytes depends mainly on the virulence of C. burnetii.
Transendothelial migration of leukocytes is a complex phenomenon, including tethering and rolling of leukocytes at the site of tissue injury, firm adhesion, and a transmigration step (9) . We wondered if C. burnetii infection affects adherence properties of monocytes or the transmigration step per se. Adherence assays were performed in gelatin-coated 96-well plates containing confluent EC. THP1 monocytes (2 ϫ 10 4 per well), infected or not infected with virulent C. burnetii, were labeled with 10 M calcein-AM (Molecular Probes, Eugene, Oreg.) during 30 min at 37°C. They were then washed and added to the endothelial monolayer for 30 min at 37°C (2) . Fluorescence (excitation and emission filters of 485 and 530 nm, respectively) was measured in a spectrofluorometer before (total cell fluorescence) and after (fluorescence of bound monocytes) three washings under gentle shaking. C. burnetii infection did not alter adherence of monocytes on resting EC (P ϭ 0.12) (Fig. 2) . Infected monocytes exhibited higher levels of adhesion to TNF-stimulated endothelium than control monocytes (P Ͻ 0.005) (Fig. 2) . Thus, the deficiency of C. burnetii-infected monocytes affected the step of transmigration but not the adherence step. This is in contrast with a recent report which demonstrates that mononuclear cells from patients infected by Salmonella enteritidis show an increase in both adherence and transmigration through EC (11) .
The alteration of transmigration of C. burnetii-infected monocytes described here might interfere with the vectorization of this bacterium into target tissues. It may affect the formation of granuloma, a process which is consistent with the poor granulomatous response observed in Q fever endocarditis patients.
